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Railway
MF Transformer for Traction
Applications
• MF transformer directly  
 linked to catenary  
 (15 kV @ 16 2/3 Hz,  
 25 kV @ 50 Hz)
• Cascadable –  
 e. g. 9 x 450 kW = 4 MW
• High Voltage P.D. stable  
 insulation system up to  
 37 kVrms (P. D. < 5 pC)
• Switching frequency: 8 kHz
• Power: 450 kW / 600 kVA  
 (single transformer)
• Weight: 50 kg
• Efﬁciency: 99,7 %
Your beneﬁts
• Distributed traction power  
 supply possible
• Reducing system weight  
 by 40 %
• Long life time due to P. D.  
 free solid-ﬂuid insulation  
 system
• Low noise
• Environmental insulation  
 and cooling system of  
 transformer
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???? ???????? ??? ????????? ??? ????????? ????????? ??????????? ??? ?????????
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
?????????? ????? ????????
??? ?????????
▲ ?????? ????? ??? ????????? ???????? ??????????
????????? ??????????????
▶ ?????
▶ ?? ?????? ?? ? ? ????????? ??????? ??????? ? ??????
▶ ?????????
▶ ???????
▶ ?????? ???? ???? ??.???.???? ???? ???????? ??? ???
??.??????
▶ ?????????????
▶ ???????? ????????????? ??????? ???? ?????????
▶ ???? ???????? ????????? ????????? ??????? ????????
▶ ???????? ????????? ??????
▶ ?????? ? ???????? ?? ?? ?????????? ?? ????????
▶ ?????? ???????? ?????? ????????
▶ ?????????? ????????
?? ????? ?? ???? ???,? ?.???
??? ????? ?? ???? ?? ?????
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
????????????? ???????? ??????????
??????????? ?? ???????? ???????????
▶ ??????? ???????? ???????
▶ ? ??????? ???????????
▶ ??????? ?? ?????? ?? = ?.???? ?? = ?????? ?? = ?.???
?? ??????????? ??????
▲ ?????????? ???????????? ????? ???????
?????? ?????????? ????????????
8
0
2
4
6
Measurement
Estimation
Frequency [Hz]
102 103 104 105 106
Series Resistance R?????? 60
-20
0
20
40
Frequency [Hz]
102 103 104 105 106
Estimation Error [%]
??????? ?????????? ????????????
6.5
7
7.5
8
8.5
9
Measurement
Hybrid Model
Dowell Model
Frequency [Hz]
103 104 105 106
Leakage Inductance L? [?H]
Frequency [Hz]
103 104 105 106
0
5
10
15
20
Hybrid Model
Dowell Model
Estimation Error [%]
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
????????????? ?????????? ??????????
?????????? ????????? ?????
▶ ??????? ????????? ??????????? ??????? ??? ?????????? ?????
▶ ???? ??????? ???? ?????? ?????? ? ??????? ????
▶ ???? ? ??????? ??? ??? ??? ????????? ??????? ?? ???
?? ??????????? ??????
▲ ??? ?????? ?? ????
?? ???? ?????????
▶ ????? ?? ??? ??????? ??????? ? = ???
▶ ???? ???? ?? ??? ??????? ??????? ? = ???
▶ ???? ?? ?? ??????? ????? ∣??/??∣ ????????? ????? ??? ? ????
▶ ?? ?? ????????? ?? ??????????? ?? ? ??? ∣??/??∣
???????? ?? ?? ??? ???? ? = ????
▲ ?????? ???????? ??????????? ???????
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
????????????? ???? ????
???? ????? ?????????
▶ ??? ???????? ?????????
▶ ????? ??????? ?????????? ?? ???
▶ ????? ??????????? ??? ???
L?1 L?2’R?1 R?2’
Lm
N1:N2
Cr1
MFT
Cr2
IDC
UDC 1 I1 I2
2
3
4
???? ??????
▲ ??? ??? ???? ?????
??????????? ????????
0 20 40 60 80 100 120 140 160 180 200
-1000
0
1000
-100
0
100
-200
0
200
U12 [V]
UCr1 [V]
I1 [A]
t [??]
-1000
0
1000
-100
0
100
0 20 40 60 80 100 120 140 160 180 200
-200
0
200
U34 [V]
UCr2 [V]
I2 [A]
t [??]
0 20 40 60 80 100 120 140 160 180 200
-300
-200
-100
0
100
200
300
  0%  20%  40%  60%  80% 100%
t[?s]
I1 [A]
t[?s]0 20 40 60 80 100 120 140 160 180 200
-300
-200
-100
0
100
200
300
  0%  20%  40%  60%  80% 100%
I2 [A]
▲ ?????? ????? ???????? ????? ??? ??? ??? ?????????? ?????? ??? ????????? ?????????
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
????????????? ??????? ???
??????????? ??????
??????? ????
▶ ??????? ??????????
40 80 120 160 200
U12 [kV]
I1 [A]
t [??]0
-1
0
1
-50
0
50
▶ ????????? ??????????
40 80 120 160 2000
-1
0
1
-0.2
0
0.2
U12 [kV]
I1 [kA]
t [??]
??????? ???????
Cooler Central Point Temperature [0C]
0
20
40
60
80
Core Outer Limb Hot-Spot Temperature [0C]
0
20
40
60
80
100
t [h]
0 1 2 3 4 5 6 7 8 9
Secondary Winding Hot-Spot Temperature [0C]
0
50
100
150
Top Cooler Surface
Between Top Cooler and Core
Between Bottom Cooler and Core
Left Limb
Right Limb
Measurement Point 1
Measurement Point 2
No-Load Full-Load Cooldown
No-Load Full-Load Cooldown
No-Load Full-Load Cooldown
▲ ??????? ???? ??? ???????
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
??????????
▶ ??????? ??? ??????????? ??????
???? ???????
▶ ????? ?????? ?? ????????? ?????????
▶ ?????????? ??????? ???????
▶ ???????? ????????????????
Components & Materials
Prototype
Design Selection
ELECTRICAL INPUTS DIELECTRIC DISTANCES OPTIMISATION VAR RANGES
PREPARE DATA
CORE MATERIALS DATA
CORE DIMENSIONS DATA
WIRE DATA
DATA BASE
INPUTS
DIRECT USER 
INPUTS
Winding Losses Calculation
Magnetic Energy Calculation
Core Losses Calculation
Mass and Volume Calculation
Hot-Spot Temperature Calculation
OPTIMISATION ENGINE
SAVE DESIGN
Calculate diw to match L?,ref
Calculate lg to match Lm,ref
Datasheet values
AWG, Kw, Fwg
diw ≥ dw1w2, lg ≥ 0, TC,hs ≤ TC,hs max, TW,hs ≤ TW,hs max
 Un, In, f, D, Lm,ref, L?,ref  dw1c, dw2c, dw1w2
 Bsat, K, ?, ?, ?, μr, Fcg 
 N1, J, AWG, Kw, KC, Km 
Algorithm
3D-DesignTesting
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
??????????
▶ ??????? ??? ??????????? ??????
???? ???????
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????????? ??? ??? ??????? ???? ??? ?????????? ?? ???? ???? ???? ???? ?????? ?? ???? ??? ????? ?????????????
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??? ?? ???? ?? ??? ?????? ??????????? ???????? ????????????? ???? ???????? ?????????? ?? ????? ??????????? ??? ????????????? ????? ????? ??? ?????
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